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[Designation of Document] 

SPECIFICATION 
[Title of the Invention] 

Non-contact Type Liquid Sensor 

[Claims] 
[Claim 1] 

A non-contact type liquid level sensor comprising: . . 
a sensor housing; 

a rotary shaft rotatably mounted on said sensor housing; 
a float vertically movable with a change of a liquid level to be 
measured; 

a float arm having a first end mounted on said float, and a second end 
coupled to said rotary shaft such that said rotary shaft is rotated with a vertical 
movement of said float; 

an annular magnet being coupled to an outer peripheral surface of said 
rotary shaft and rotated together with said rotary shaft; 

a couple of arcuate stators being disposed within said sensor housing 
while being confronted with an outer peripheral surface of said magnet; and 

a magnetoelectric transducing element, put between the first ends of 
said stators, for detecting a change of a magnetic flux in said stators, which is 
caused by a turn of said magnet, and for converting the detected change of the 
magnetic flux into an electrical signal; 

wherein second ends of said stators are spaced from each other to 
form a gap having an opening angle within a range from 50° to 200°. 
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[Claim 2] 

A non-contact type liquid level sensor according to claim 1 , wherein the 
arc lengths of said couple of stators are different from each other. 

[Claim 3] 

A non-contact type liquid level sensor according to claim 1 or 2, 
wherein said opening angle of said gap is within a range from 90°- to 200°. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Belongs] 

The present invention relates to a non-contact type liquid level sensor, 
and more v particularly to a non-contact type liquid level sensor in which 
assembling of the liquid level sensor to a liquid storing tank is considerably 
improved by reducing the size of the liquid level sensor. 

[0002] 
[Prior Art] 

In the conventional non-contact type liquid level sensor, a detector is 
constructed with a resistor plate and a movable contact abutting on the resistor 
plate. When a float vertically moves with a change of a liquid level to be 
measured, the movable contact slides on and along the resistor plate to vary a 
resistance, and a liquid level is detected on the basis of a resistance change 
detected. In this type of the liquid level sensor, sometimes, the movable 
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contact and the resistor plate are oxidized. Where those are oxidized, a 
variation of detected resistance value is extremely large or noise is generated. 
Thus, problem of detection accuracy to be solved is present. 

[0003] 

To solve the problem of the liquid level sensor, a non-contact type 
liquid level sensor is proposed recently. The proposed liquid level sensor 

uses a- magnetoelectric transducing element, which detects a change of 

magnetic force and converts the detected one into an electrical signal. The 
non-contact type liquid level sensor is disclosed in the Technical Bulletin No. 
2001-467, issued by Hatumei Kyoukai. 

[0004] . ; 

An example of a. conventional non-contact type liquid level sensor will 
be described with reference to Figs. 13 to 15. Fig. 13 is a longitudinal 
sectional view showing a conventional non-contact type liquid level sensor 1, 
Fig. 14 is a perspective view showing a positional relationship among a 
magnetoelectric transducing element 11, a magnet 5, and a stator 9, which are 
extracted from Fig. 13, and Fig. 15 is an enlarged, longitudinal sectional view 
showing a structure when a magnet chamber cover 14 is mounted in a magnet 
chamber 2a. 

[0005] 

As shown in Fig. 13, a conventional non-contact type liquid level 
sensor 1 is arranged such that a sensor housing 2 made of synthetic resin is 
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fixed to within a vehicle fuel tank 3. A rotary shaft 4 is rotatably disposed 
within a magnet chamber 2a formed within the sensor housing 2. A sintered 
magnet 5 is fit to an outer peripheral surface of the rotary shaft 4. The 
sintered magnet 5 is fastened to the rotary shaft 4 by fixing means, such as 
bonding or engagement. 

[0006] 

The sintered-magnet-5, for example, a ferrite magnet, is formed in a 
manner that magnetic powder is molded into an annular shape, and sintered, 
and then the resultant is radially magnetized to have two magnetic poles. As 
shown in Fig. 15, a magnet chamber cover 14 made of synthetic resin is fixed 
to an opening part of a magnet chamber 2a in a manner that pawls 2b formed 
in the sensor housing 2 are fit into locking holes 14a formed in the magnet 
chamber cover 14. A support hole 14b is formed in the magnet chamber 
cover 14. One end of the support hole 14b is inserted into, the support hole 
14b and rotatably supported by the support hole. 

[0007] 

As shown in Fig. 13, one end of a float arm 6 is mounted on a float 8, 
and the other end thereof is fastened to the rotary shaft 4. When the float 8 
vertically moves with a change of a liquid level 15, a vertical movement of the 
float is transmitted through the float arm 6 to the rotary shaft 4 which in turn 
rotates. 

[0008] 
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As shown in Fig. 14, a couple of semicircular stators 9 are circularly 
arranged around the sintered magnet 5, while being confronted with an outer 
peripheral surface of the sintered magnet 5. A gap 10 is present between the 
first ends of the coupled stators 9, and another gap 10 is present between the 
second ends of the same. A phase difference of 180° is present between 
those gaps. A magnetoelectric transducing element 11, such as a Hall 
element or a Hall IC, is placed in one of the gaps, while being put between the 
coupled stators. Terminals 11a of the magnetoelectric transducing element -11 - 
are electrically connected to a wiring board 12, which is electrically connected 
to a terminal 13. 

[0009] 

When the float 8 vertically moves with a change ;of the liquid level 15, 
the rotary shaft 4 turns together with the sintered magnet 5. With the turn of 
the sintered magnet 5, a magnetic flux passing through the magnetoelectric 
transducing element 11 changes. Th magnetoelectric transducing element 11 
detects a change of the magnetic flux and converts the magnetic flux change 
into an electrical signal. 

[0010] 

[Problems that the Invention is to Solve] 

The non-contact type liquid level sensor 1 has such a structure that a 
couple of semicircular stators 9, while being circularly arranged, are confronted 
with an outer peripheral surface of the annular sintered magnet 5. With 
presence of the circularly arranged stators 9, there is a limit in reducing the 
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size of the non-contact type liquid level sensor 1. In particular, the 
non-contact type liquid level sensor 1 is frequently mounted onto a small 
reserve cup attached to the inside of a vehicle fuel tank 3. From the point of 
view of the assembling work improvement and securing a space of the vehicle 
fuel tank 3, how to reduce the size of the non-contact type liquid level sensor 1 
is an important problem. 

[0011]- - 

Accordingly, an object of the present invention is to provide a 
non-contact type liquid level sensor which is easily assembled to .a liquid 
storing tank, such as a vehicle fuel tank, by reducing the size of the sensor, 
and secures a larger liquid storing space within the liquid storing tank. 

[0012] 

[Means for Solving the Problems] 

To achieve the above object, there is provided a non-contact type liquid 
level sensor comprising: a sensor housing; a rotary shaft rotatably mounted on 
the sensor housing; a float vertically movable with a change of a liquid level to 
be measured; a float arm having a first end mounted on the float, and a second 
end coupled to the rotary shaft such that the rotary shaft is rotated with a 
vertical movement of the float; an annular magnet being coupled to an outer 
peripheral surface of the rotary shaft and rotated together with the rotary shaft; 
a couple of arcuate stators being disposed within the sensor housing while 
being confronted with an outer peripheral surface of the magnet; and a 
magnetoelectric transducing element, put between the first ends of the stators, 
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for detecting a change of a magnetic flux in the stators, which is caused by a 
turn of the magnet, and for converting the detected change of the magnetic flux 
into an electrical signal; wherein second ends of the stators are spaced from 
each other to form a gap having an opening angle within a range from 50° to 

200°. 

[0013] 

In the invention, the non-contact type liquid level sensor includes -a 
couple of arcuate stators being disposed within the sensor housing while being 
confronted with an outer peripheral surface of the magnet, and a 
magnetoelectric transducing element, put between the first ends of the stators, • 
for detecting a change of a magnetic flux in the stators, which is caused by a 
turn of the magnet, and for converting the detected change of the magnetic flux 
into an electrical signal. The second ends of the stators are spaced from 
each other to form a gap having an opening angle within a range from 50° to 
200°. The stators are configured to be arcuate, and the arc length of each 
stator is shorter than that of a conventional semicircular stator. The whole 
array of stators when those are disposed in the sensor housing is configured to 
be a circle as cut out. Therefore, if a configuration of the sensor housing is 
appropriately altered in conformity with the stator array configuration, the size 
reduction of the non-contact type liquid level sensor is possible. With such a 
construction, the non-contact type liquid level sensor is easily assembled to a 
liquid storing tank, and additionally a larger liquid storing space within the liquid 
storing tank is secured. 
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[0014] 

In an embodiment, the arc lengths of the couple of stators are different 
from each other. 

[0015] 

In the embodiment, the arc lengths of the couple of stators are different 
from each other. In other words, the couple of stators are arranged 
asymmetrically with respect -to a line connecting the center of the -magnet- and 
the center of the magnetoelectric transducing element. With this feature, the 
float arm, is simplified in shape. In the float arm, there is no need of forming a 
part protruding in the width direction of the non-contact type liquid level sensor 
20. As a result, the non-contact type liquid level sensor is reduced in size, 
and hence, it is easy to insert the float arm into the fuel tank and to assemble it 
to the same. The number of bending steps is reduced, so that the float arm is 
manufactured at low cost. 

[0016] 

In another embodiment, the opening angle of the gap is within a range 
from 90° to 1 80°. 

[0017] 

In the embodiment, the opening angle of the gap is within a range from 
90° to 180°, which is narrower than the angular range from 50° to 200°. 
When the opening angle is 90°, the flux density detected by the 
magnetoelectric transducing element exhibits a maximum value. Therefore, 
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even if the magnetic force of the magnet 23 is weakened by that amount, the 
performance of the detector comparable with that of the conventional detector 
is secured. When the opening angle is 180°, the sensor performance on the 
magnetic flux detected by the magnetoelectric transducing element is 
comparable with that of the conventional sensor. Accordingly, the size of the 
sensor is efficiently be reduced. In other words, 90° of the opening angle of 
the gap G is the most advantageous in the light of the magnetic force, and 

180° of the opening angle of the gap G is advantageous in the size reduction 

of the sensor. 

[0018] 

The summary of the invention is as described above. The 
advantages, features and others of the invention will more clearly be 
understood when carefully reading the following detailed description in 
connection with the accompanying drawings. 

[0019] 

[Mode for Carrying Out the Invention] 

The preferred embodiment of the present invention will be described 
with reference to the accompanying drawings. 

Fig. 1 is a longitudinal sectional view showing a non-contact type liquid 
level sensor constructed according to the present invention. Fig. 2 is a view 
showing the non-contact type liquid level sensor when it is uncovered, when 
viewed in a direction of an arrow II in Fig. 1. Fig. 3 is an exploded, 
perspective view showing the non-contact type liquid level sensor. Fig. 4 is 
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an enlarged, longitudinal sectional view showing a structure of the liquid level 
sensor shown in Fig. 1, which includes mainly a rotary shaft that is rotatably 
supported by a sensor housing and a magnet chamber cover. Fig. 5 is a view 
showing a state that the magnet chamber cover is welded onto the magnet 
chamber, when viewed in a direction of an arrow V in Fig. 4. Fig. 6 is a cross 
sectional view showing a key portion of a magnet integrally molded onto the 
rotary shaft. Fig. 7 is a longitudinal sectional view taken on line VII - VII in Fig. 
6. Fig. 8 is a perspective view showing a structure including the 
magnetoelectric transducing element, the magnet and the stator. 

[0020] 

As shown in Figs. 1 to 3, a non-contact type liquid level sensor 20 
constructed according to the invention includes a sensor housing 21 , a rotary 
shaft 22, a magnet 23, a detector 24, a float 25, and a float arm 26. The 
sensor housing 21 is formed by injection molding synthetic resin. The 
non-contact type liquid level sensor 20 is arranged such that a sensor housing 
21 is fixed to within a vehicle fuel tank 3. A magnet chamber 21a, which is 
defined by a receding part shaped like a fore-tooth in cross section, is provided 
at one end of the sensor housing 21. A detector container chamber 21b, 
which is defined by a receding part shaped like a rectangle in cross section, 
has an opening surface opposed to an opening surface of the magnet chamber 
21a. The detector container chamber 21b is partitioned from the magnet 
chamber 21a by a semicircular partitioning wall 21c. 

[0021] 
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a magnet chamber cover 28 made of synthe(ic resjn a ^ shafl 
rotary shaft- 22... 



[0022J 



As shown in Fig. s, ,he nnagne, ch amber mver 28 „ . ^ ^ ^ 
which is made of syn(he(ic resjn indudes ^ ^ 

P°s«ionin 9 hoies 2 8c, which are pro,r Ud e d t0 both sj(Jes To ' 
Hous,n 9 21 are m into the posjtionjng h0|es 28c , f ^ ^ ^ 
h-*- in P, g . 5 . According , y , , he magne( chamber ^ ( h 



sealed 



[0023J 



Exampies of we, d in 9 me.hods available here are ^ 

ma 9 ne, Camher cover 28 is v i bra ,e d in a d irec,ion pareiie, to ,he wei d in 9 
surface. Accor d in 9 „ use of ,he vision we, d in 9 makes „ difficult t0 use . 
s-rucure ,o en 9 a 9 e the pro t ru ded pins 21. with ,he p OS i t i oning holes 28c for 
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positioning. Therefore, it is difficult to weld the magnet chamber cover 28 to 
the sensor housing 21 in a state that the support hole 21 d of the magnet 
chamber 21a is axially aligned with the support hole 28a of the magnet 
chamber cover 28. If the weld the magnet chamber cover 28 is welded to the 
sensor housing 21 in a state that the support hole 21 d is offset from the 
support hole 28a in their axial alignment, a rotational torque of the rotary shaft 
22 is high. The high torque will possibly have some affect on a detection 
accuracy. 

[0024] 

In this respect, among other welding methods, the ultrasonic or the 
laser welding method is preferably used for such a purpose. In the case of 
the laser welding method, it is preferable that the member (e.g., the magnet 
chamber cover 28) which is irradiated with laser beam, is transparent or 
translucent so as to permit the laser beam to pass therethrough. The 
remaining member (e.g., the sensor housing 21) is preferably black to increase 
an absorption efficiency of the laser beam. 

[0025] 

As shown in Fig. 4, the rotary shaft 22 is provided for supporting and 
rotating the magnet 23. A positioning recess 22e is formed in the first shat 
part 22a of the rotary shaft 22. Incidentally, the magnet 23 is integrally 
molded on and fixed to the outer peripheral surface of the magnet. The rotary 
shaft is bored to have a through hole 22c extending through the central part of 
the shaft. The float arm 26 is inserted into the through hole 22c. 
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[0026] 

The first shat part 22a of the rotary shaft, which is protruded from the 
support hole 21 d of the magnet chamber 21a, is inserted into a hole 29b 
formed at one end of an arm holder 29. An inner side of a bent part of the 
float arm 26, which is located near the hole 29b of the non-contact type liquid 
level sensor 20 abuts on the positioning recess 22e of the rotary shaft 22. 

[0027] 

A first end 26a of the metal float arm 26 bent like L is inserted into the 
through hole 22c of the rotary shaft 22. As shown in Fig. 3, the float arm 26 is 
held with a couple of pawls 29a of the arm holder. 29 and is swingable together 
with the arm holder 29. A second end 26b of the float arm 26 is mounted on 
the float 25 (see Fig. 1). 

[0028] 

In the non-contact type liquid level sensor 20 thus constructed, when a 
fuel 30 stored in the vehicle fuel tank 3 shown in Fig. 1 changes in amount and 
a liquid level 30a of the fuel changes, the float 25 vertically moves with the 
liquid level change. With the vertical movement of the float 25, the magnet 23 
is rotated together with the rotary shaft 22. 

[0029] 

As shown in Figs. 6 and 7, the magnet 23 is a called plastic magnet 
molded by using a composite material containing PPS (polyphenylene sulfide) 
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resin and neodyminum magnetic powder. The magnet 23 is integrally molded 
on the outer peripheral surface of the rotary shaft 22. After the magnet 23 is 
integrally molded on the rotary shaft 22, the resultant magnet is magnetized in 
a radial direction (direction of an arrow in Fig. 7) while being held with a 
holding tool or the like (not shown) to have two poles as shown in Fig. 8. 
Since the magnet 23 is integrally molded on the rotary shaft 22 in a state that 
those are coaxially aligned with each other as shown in Fig. 7, the magnet 23 
has no play and no eccentricity with respect to the rotary shaft 22, and hence, 
has a high precision. This leads to an increase of a detection accuracy of the 
non-contact type liquid level sensor 20. 

[0030] 

The detector 24 is provided or detecting a magnetic flux. As shown in 
Figs. 2, 3 and 8, the detector includes the stators 31 and a magnetoelectric 
transducing element 32, such as a Hall element or a Hall IC, and is located in 
the detector container chamber 21b. The stators 31 is an arcuate plate made 
of a magnetic material. A couple of stators 31 are confronted with the outer 
peripheral surface of the magnet 23, and form a semicircle coaxial with the 
magnet 23. Examples of the magnetic materials for the stators 31 are silicon 
steel, iron, martensitic stainless steel, and ferite stainless steel. 

[0031] 

Each stator 31 is arcuate as of a quarter circle. The magnetoelectric 
transducing element 32 is put between first ends (first end faces) of the stators 
31. Accordingly, second ends (other ends) of the stators 31 are separated 
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apart from each other to form a gap G defined by an opening angle of about 
180°. 

[0032] 

As shown in Fig. 2, for example, a terminal 32a of the magnetoelectric 
transducing element 32 is electrically connected to a terminal 34 provided in 
the detector container chamber 21b. One end 34a of the terminal 34 is led to 
an external output-, terminal -21f provided outside the .detector -container 
chamber 21b, and electrically connected to an electric wire 40. A detect 
signal produced by the magnetoelectric transducing element 32 is led to 
outside the non-contact type liquid level sensor 20 via the electric wire 40. As 
shown in Figs. 1 and 3, the detector container chamber 21b is covered with a. 
cover 35. ... 

[0033] 

A modification of the detector 24 will be described with reference to Fig. 
9. Fig. 9 is a plan view showing a modification of a detector in which an 
opening angle of a gap G, which is defined by the second ends of stators 31 , is 
about 90° and the stators 31 are symmetrically disposed. As shown in Fig. 9, 
in the modification of the detector 24, the stators 31 takes the form of an arc 
defined by an angle of about 135°. In other words, the two stators 31 are 
formed such that their arc lengths are substantially equal to each other. The 
couple of the stators 31 are disposed such that the magnetoelectric 
transducing element 32 is placed between the first ends of those detector 24, 
as in the case of the detector 24 in Fig. 8. An opening angle of the gap G 
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defined by the second ends of the stators 31 is about 90°. The gap G is 
symmetrical in shape with respect to a straight line Y connecting the center of 
the magnet 23 (i.e., the axial center of the rotary shaft 22) and the center of the 
magnetoelectric transducing element 32. In other words, the coupled stators 
31 is shaped to be symmetrical with respect to a line connecting the center of 
the magnet 23 and the center of the magnetoelectric transducing element 32. 
When the modification of the detector 24, which is shown in Fig. 9, is used, 
what a designer- has -to. do is-to -appropriately modify, the. sensor- housing 2-1 and- 
the like so as to accept the modification. 

[0034] 

Another modification.of the detector 24 will be described with reference 
to Fig. 10. Fig. 10 is a plan view showing another modification of a detector in 
which an opening angle of a gap G, which is defined by the second ends of 
stators 31, is about 120° and the stators 31 are asymmetrically disposed. As 
shown in Fig. 10, in the modification of the detector 24, the stators 31 are 
different in shape: One of the stators 31 takes a shape of an arc defined by 
about 90°, and the other takes a shape of an arc defined by about 150°. In 
other words, the two stators 31 are different in their arc length. Those 
coupled stators 31 are disposed such that the magnetoelectric transducing 
element 32 is placed between the first ends of those stators, as in the case of 
the detector 24 of Fig. 8. Accordingly, an opening angle of the gap G, defined 
by the second ends of the stators, is about 120°. The gap G is disposed 
asymmetrically with respect to a straight line Y connecting the center of the 
rotary shaft 22 (i.e., the axial center of the rotary shaft 22) and the center of the 
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magnetoelectric transducing element 32. In other words, the coupled stators 
31 is shaped to be asymmetrical with respect to the center of the magnet 23 
and the center o the magnetoelectric transducing element 32. When the 
modification of the detector 24, which is shown in Fig. 10, is used, what a 
designer has to do is to appropriately modify the sensor housing 21 and the 
like so as to accept the modification. 

- [0035] . . ... 

Fig. 11 is a graph showing a variation of a flux density detected by the 
magnetoelectric transducing element 32 with respect to a rotational angle of 
the magnet 23 in a case where the couple of stators 31 are configured to be 
circular. A characteristic curve A represents- a characteristic of the detector in 
which the coupled stators 31 (cooperate with the magnetoelectric .transducing 
element 32) forms a circle, , like the stators 9 of the conventional non-contact 
type liquid level sensor 1. As indicated by the characteristic curve A, the flux 
density varies while depicting a sine curve in which the flux density is zero at 
0°, 180° and 360° of the rotational angles of the magnet 23. The non-contact 
type liquid level sensor 20 requires a linearity in the characteristic thereof. 
Therefore, an angular range from, for example, 130° to 230° (180° ± 50°) of 
the rotational angle, is used. 

[0036] 

A characteristic curve B represents a characteristic of the detector 24 
modified as shown in Fig. 9. As in the characteristic curve A, the flux density 
varies while depicting a sine curve in which the flux density is zero at phases 
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0°, 180° and 360° of the rotational angles of the magnet 23. As seen, an 
amplitude or flux density of the characteristic curve B is larger than that of the 
characteristic curve A, however. This fact implies that a magnetic force of the 
magnet 23 may be weakened so as to produce a magnetic flux comparable 
with the magnetic flux indicated by the characteristic curve A 
(= magnetic flux detected by the magnetoelectric transducing element 32 in the 
detector where the couple of stators 31 form (cooperate with the 
magnetoelectric transducing element 32, like the stators -9 of the conventional 
non-contact type liquid level sensor 1 ). This is an advantageous feature when 
considering the cost of manufacturing the magnet 23. 

[0037] 

A characteristic curve B represents a characteristic of the detector 24 
modified as shown in Fig. 10. As seen, a magnitude or flux density of the 
characteristic curve C is larger than that of the characteristic curve A, but is 
somewhat smaller than that of the characteristic curve B. The characteristic 
curve C is phase shifted to a positive direction (i.e., a phase advancing 
direction) since the gap G is asymmetrically configured. This phase shift 
presents no problem in practical use since the magnetoelectric transducing 
element 32 contains a semiconductor memory (not shown), such as an 
EEPROM (i.e., electrically erasable programmable read-only memory) which 
prestores phase correction data, and a semiconductor operation element (not 
shown) for correcting a phase shift of the magnetic flux according to the phase 
correction data stored, such as a CPU (central processing unit), and 
automatically corrects the phase shift. As readily seen, in the invention, it is 
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not essential that the magnetoelectric transducing element 32 contains the 
semiconductor memory and the semiconductor operation element. In an 
alternative, the phase correction means containing the semiconductor memory 
and the semiconductor operation element is provided separately from the 
non-contact type liquid level sensor 20. The magnetoelectric transducing 
element 32 detects only the magnetic flux. A detect signal output from the 
magnetoelectric transducing element 32 is led from the non-contact type liquid 

— level sensor 20 to exterior by-way of -the - electric wire 40. The-phase- 

correcting means separately provided receives the detect signal and corrects a 
phase shift based on the detect signal received. 

[0038] 

A test was conducted. In the test, an opening angle of the gap G was 
variously changed. Magnitudes of magnetic fluxes detected by the 
magnetoelectric transducing element 32 were measured. When the opening 
angle is 90°, the flux density exhibited a maximum value. When the opening 
angle is larger than 90° and also when it is smaller than 90°, the magnetic flux 
was small in value. When the opening angle of the gap G was 180°, the 
characteristic of the detector is the same as the characteristic curve A. This 
fact was confirmed by the test. 

[0039] 

The test result shows that the opening angle of the gap G is 50° to 
200°, preferably 90° to 180°. The reason why the opening angle is selected 
to be 50° or larger is to cover a minimum swing angle of 55°. The reason why 
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the opening angle is selected to be 200° or smaller is that if the opening angle 
of the gap G is large, the detector is apt to be influenced highly by an external 
magnetic force, and hence, the detector will receive noise highly possibly. 

[0040] 

The reason why the opening angle is selected to be within the range 
from 90° to 180° follows. The magnetic flux is maximized at 90° of the 

- opening angle. Therefore,, even if the magnetic force, of the magnet- 2a is 

weakened by that amount, the performance of the detector comparable with 
that of the conventional detector (i.e., as indicated by the characteristic curve 
A) is secured. The reason why 1 80° is selected is that the detector 
performance on the magnetic flux, which is comparable . with that of the 
conventional detector (i.e., as indicated by the characteristic curve A); is 
secured, and the size of.the detector may efficiently be reduced. Thus, 90° of 
the opening angle of the gap G is the most advantageous in the light of the 
magnetic force, and 180° of the opening angle of the gap G is advantageous in 
the size reduction of the detector. 

[0041] 

For the above reason, what a designer has to do is to select the 
opening angle of the gap G to be the most desirable value within 50° to 200° 
according to the specification of the non-contact type liquid level sensor 20. 

[0042] 

Fig. 12 is a front view showing a float arm whose shape is simplified by 
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using the asymmetrically configured stators 31 as in the modification of the 
detector 24 shown in Fig. 10. When the detector 24 as shown in Fig. 12 is 
used, what one has to do is to extend the float arm 26 from the detector 24 to 
the liquid level 30a in a vertical direction, and then to bend the float arm to the 
float 25 substantially at a right angle. The result is to enable the float arm 26 
to be simplified in shape, to reduce the number of bending steps, and to 
enable the float arm to be manufactured at low cost. the float arm 26 is 
configured to extend downward (to the liquid level -30a - substantially- in- a 
vertical direction). When comparing with the float arm 26 as indicated by a 
dotted line in Fig. 2, in the float arm 26, there is no need of forming a part 
protruding in the width direction of the non-contact type liquid level sensor 20 
(to the right in Fig. 12). As a result, it is easy to insert the float arm into the 
fuel tank and to assemble it to the same. 

[0043] 

Operations of the embodiment will be described. 

In Fig. 1 , the float 25 vertically moves with a change of the liquid level 
30a. A movement (displacement) of the float 25 is transmitted to the rotary 
shaft 22 through the float arm 26, and turns the rotary shaft 22 together with 
the magnet 23. With the turn of the magnet 23, a magnetic flux in the stators 
31 changes, so that a magnetic flux passing through the magnetoelectric 
transducing element 32 changes. In turn, the magnetoelectric transducing 
element 32 produces an electric signal proportional to the magnetic flux, which 
is output from the terminal 34 to an external device. 



21 



[0044] 

A rotational angle of the magnet 23 (rotary shaft 22) is determined on 
the basis of the electric signal. To maintain the linearity in the characteristic, 
as shown in Fig. 11, it is preferable to range the rotational angles of the 
magnet 23 on both sides of 1 80°. Practically, the most preferable range of the 
rotational angle of the magnet is within 180° ± 50°. By so ranged, a vertical 
movement of the float 25 may be detected highly accurately. 

[0045] 

It should be understood that the present invention is not limited to the 
embodiment mentioned above, but may variously be modified, altered and 
changed within the true spirits and scope of the invention. Further, the 
materials, shapes, sizes, numerical values, forms, numbers,, locations and 
others of the constituent components in the embodiment mentioned above are 
optionally selected if the technical results from use of those so selected fall 
within the invention. 

[0046] 

It is evident that the non-contact type liquid level sensor of the 
invention is applicable to not only the vehicle fuel tank but also to various liquid 
storing tanks in detecting a liquid level of the liquid stored . 

[0047] 

[Advantages of the Invention] 

As seen from the foregoing description, in the invention, the 
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non-contact type liquid level sensor includes a couple of arcuate stators being 
disposed within the sensor housing while being confronted with an outer 
peripheral surface of the magnet, and a magnetoelectric transducing element, 
put between the first ends of the stators, for detecting a change of a magnetic 
flux in the stators, which is caused by a turn of the magnet, and for converting 
the detected change of the magnetic flux into an electrical signal. The second 
ends of the stators are spaced from each other to form a gap having an 
opening angle within a range from 50° to 200°. The stators are-configured to 
be arcuate, and the arc length of each stator is shorter than that of a 
conventional semicircular stator. The whole array of stators when those are 
disposed in the sensor housing is configured to be a circle as cut out. . 
Therefore, if a configuration of the sensor housing is appropriately altered in 
conformity with the. stator array configuration, the size reduction of the 
non-contact type liquid level sensor is possible. With such a construction, the 
non-contact type liquid level sensor is easily assembled to a liquid storing tank, 
and additionally a larger liquid storing space within the liquid storing tank is 
secured. 

[0048] 

In an embodiment, the arc lengths of the couple of stators are different 
from each other. In other words, the couple of stators are arranged 
asymmetrically with respect to a line connecting the center of the magnet and 
the center of the magnetoelectric transducing element. With this feature, the 
float arm is simplified in shape. In the float arm, there is no need of forming a 
part protruding in the width direction of the non-contact type liquid level sensor 
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20. As a result, the non-contact type liquid level sensor is reduced in size, 
and hence, it is easy to insert the float arm into the fuel tank and to assemble it 
to the same. The number of bending steps is reduced, so that the float arm is 
manufactured at low cost. 

[0049] 

In another embodiment, the opening angle of the gap is within a range 
from 90° to 180°, which- is narrower than the angular range from 50° -to 200°. 
When the opening angle is 90°, the flux density detected by the 
magnetoelectric transducing element exhibits a maximum value. Therefore, 
even if the magnetic force of the magnet 23 is weakened by that amount, the 
performance of the detector comparable with that of the conventional detector 
is secured. When the opening angle is 180°, the sensor performance on the 
magnetic flux detected by the magnetoelectric transducing element is 
comparable with that of the conventional sensor. Accordingly, the size of the 
sensor is efficiently be reduced. In other words, 90° of the opening angle of 
the gap G is the most advantageous in the light of the magnetic force, and 
1 80° of the opening angle of the gap G is advantageous in the size reduction 
of the sensor. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a longitudinal sectional view showing a non-contact type liquid 
level sensor constructed according to the present invention. 
[Fig. 2] 
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Fig. 2 is a view showing the non-contact type liquid level sensor when 
it is uncovered, when viewed in a direction of an arrow II in Fig. 1 . 
[Fig. 3] 

Fig. 3 is an exploded, perspective view showing the non-contact type 
liquid level sensor. 
[Fig. 4] 

Fig. 4 is an enlarged, longitudinal sectional view showing a structure of 
the. liquid level sensor shown in Fig. 1 , which includes mainly a rotary- shaft that - 
is rotatably supported by a sensor housing and a magnet chamber cover. 
[Fig. 5] 

Fig. 5 is a view showing a state that the magnet chamber cover is 
welded onto the magnet chamber, when viewed in a direction of an. arrow V in 
Fig. 4. 

[Fig. 6] ... 

Fig. 6 is a cross sectional view showing a key portion of a magnet 
integrally molded onto the rotary shaft. 
[Fig. 7] 

Fig. 7 is a longitudinal sectional view taken on line VII - VII in Fig. 6. 

[Fig. 8] 

Fig. 8 is a perspective view showing a structure including the 
magnetoelectric transducing element, the magnet and the stator. 
[Fig. 9] 

Fig. 9 is a plan view showing a modification of a detector in which an 
opening angle of a gap, which is defined by the second ends of stators, is 
about 90° and the stators are symmetrically disposed. 
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[Fig. 10] 

Fig. 10 is a plan view showing another modification of a detector in 
which an opening angle of a gap, which is defined by the second ends of 
stators, is about 120° and the stators are asymmetrically disposed. 
[Fig. 11] 

Fig. 11 is a graph showing a variation of a flux density detected by the 
magnetoelectric transducing element with respect to a rotational angle of the 
..magnet in. a case where the couple of stators are configured to.be circular, - -.. 
[Fig. 12] 

Fig. 12 is a front view showing a float arm whose shape is simplified by 
using the asymmetrically configured < stators as in the modification of the 
detector shown in Fig. 10. 
[Fig. 13] 

Fig. 13 is a longitudinal sectional view showing a conventional 
non-contact type liquid level sensor. 
[Fig. 14] 

Fig. 14 is a perspective view showing a positional relationship among a 
magnetoelectric transducing element, a magnet, and a stator, which are 
extracted from Fig. 13. 
[Fig. 15] 

Fig. 15 is an enlarged, longitudinal sectional view showing a structure 
when a magnet chamber cover 14 is mounted in a magnet chamber 2a. 

[Description of Reference Numerals and Signs] 
20 non-contact type liquid level sensor 20 
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21 sensor housing 21 

22 rotational shaft 22 

23 magnet 23 

24 detector 24 

25 float 25 

26 float arm 

26a one end of the float arm 

26b the other end of. the float arm 

30a liquid level 

31 stator 

32 magnetoelectric transducing element 
G gap G 

Y line Y connecting a center of the magnet and; a center of the 
magnetoelectric transducing element 
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[Designation of Document] 

ABSTRACT OF THE DISCLOSURE 
[Abstract] 
[Problem] 

To reduce the size of a non-contact type liquid level sensor. 
[Means for Solution] 

A couple of stators (31 ) are configured to be arcuate. An arc length of 

each stator is shorter than that of a circle. 

The stators (31) are arranged such that a magnetoelectric transducing element 
(32) is put between first ends of the stators. Second ends of the stators (31 ) . 
are spaced apart from each other to form a gap (G) having an opening angle 

within a range from 50° to 200°. 

[Selected Drawing] . 

Fig. 8 
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[0026] 

The first shat part 22a of the rotary shaft, which is protruded from the 
support hole 21 d of the magnet chamber 21a, is inserted into a hole 29b 
formed at one end of an arm holder 29. An inner side of a bent part of the 
float arm 26, which is located near the hole 29b of the non-contact type liquid 
level sensor 20 abuts on the positioning recess 22e of the rotary shaft 22. 

[0027] 

A first end 26a of the metal float arm 26 bent like L is inserted into the 
through hole 22c of the rotary shaft 22. As shown in Fig. 3, the float arm 26 is 
held with a couple of pawls 29a of the arm holder, 29 and; is.swingable together 
with the arm holder 29. A second end 26b of the float arm 26 is mounted on 
the float 25 (see Fig. 1). 

[0028] 

In the non-contact type liquid level sensor 20 thus constructed, when a 
fuel 30 stored in the vehicle fuel tank 3 shown in Fig. 1 changes in amount and 
a liquid level 30a of the fuel changes, the float 25 vertically moves with the 
liquid level change. With the vertical movement of the float 25, the magnet 23 
is rotated together with the rotary shaft 22. 

[0029] 

As shown in Figs. 6 and 7, the magnet 23 is a called plastic magnet 
molded by using a composite material containing PPS (polyphenylene sulfide) 



13 



resin and neodyminum magnetic powder. The magnet 23 is integrally molded 
on the outer peripheral surface of the rotary shaft 22. After the magnet 23 is 
integrally molded on the rotary shaft 22, the resultant magnet is magnetized in 
a radial direction (direction of an arrow in Fig. 7) while being held with a 
holding tool or the like (not shown) to have two poles as shown in Fig. 8. 
Since the magnet 23 is integrally molded on the rotary shaft 22 in a state that 
those are coaxially aligned with each other as shown in Fig. 7, the magnet 23 
has no play and no eccentricity with respect to the rotary shaft 22,- and hence, : - 
has a high precision. This leads to an increase of a detection accuracy of the 
non-contact type liquid level sensor 20. 

[0030] : ; ^ 

The detector 24; is provided or detecting a magnetic flux. As shown in 
Figs. 2, 3 and 8, the. detector includes the stators 31 and a magnetoelectric 
transducing element 32, such as a Hall element or a Hall IC, and is located in 
the detector container chamber 21b. The stators 31 is an arcuate plate made 
of a magnetic material. A couple of stators 31 are confronted with the outer 
peripheral surface of the magnet 23, and form a semicircle coaxial with the 
magnet 23. Examples of the magnetic materials for the stators 31 are silicon 
steel, iron, martensitic stainless steel, and ferite stainless steel. 

[0031] 

Each stator 31 is arcuate as of a quarter circle. The magnetoelectric 
transducing element 32 is put between first ends (first end faces) of the stators 
31. Accordingly, second ends (other ends) of the stators 31 are separated 
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apart from each other to form a gap G defined by an opening angle of about 
180°. 

[0032] 

As shown in Fig. 2, for example, a terminal 32a of the magnetoelectric 
transducing element 32 is electrically connected to a terminal 34 provided in 
the detector container chamber 21b. One end 34a of the terminal 34 is led to 
an. external output.- terminal -21 f provided outside . .the. detector -container . 
chamber 21b, and electrically connected to an electric wire 40. A detect 
signal produced by the magnetoelectric transducing element 32 is led to 
outside the non-contact type liquid level sensor 20 via the electric wire 40: As 
shown in Figs. 1 and 3, the detector container chamber.21b is covered with a 
cover 35. . ... 

[0033] 

A modification of the detector 24 will be described with reference to Fig. 
9. Fig. 9 is a plan view showing a modification of a detector in which an 
opening angle of a gap G, which is defined by the second ends of stators 31 , is 
about 90° and the stators 31 are symmetrically disposed. As shown in Fig. 9, 
in the modification of the detector 24, the stators 31 takes the form of an arc 
defined by an angle of about 135°. In other words, the two stators 31 are 
formed such that their arc lengths are substantially equal to each other. The 
couple of the stators 31 are disposed such that the magnetoelectric 
transducing element 32 is placed between the first ends of those detector 24, 
as in the case of the detector 24 in Fig. 8. An opening angle of the gap G 
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defined by the second ends of the stators 31 is about 90°. The gap G is 
symmetrical in shape with respect to a straight line Y connecting the center of 
the magnet 23 (i.e., the axial center of the rotary shaft 22) and the center of the 
magnetoelectric transducing element 32. In other words, the coupled stators 
31 is shaped to be symmetrical with respect to a line connecting the center of 
the magnet 23 and the center of the magnetoelectric transducing element 32. 
When the modification of the detector 24, which is shown in Fig: 9, is used, 
what a designer- has -to do is- to -appropriately modify- the- sensor-housing 2-1 and- 
the like so as to accept the modification. 

[0034] . . 

. Another modification .of the detector 24 will be described with reference 
to Fig. 10. Fig. 10 is a plan view showing another modification of a detector in 
which an opening angle of a gap G, which is defined by the second ends of 
stators 31, is about 120° and the stators 31 are asymmetrically disposed. As 
shown in Fig. 10, in the modification of the detector 24, the stators 31 are 
different in shape: One of the stators 31 takes a shape of an arc defined by 
about 90°, and the other takes a shape of an arc defined by about 150°. In 
other words, the two stators 31 are different in their arc length. Those 
coupled stators 31 are disposed such that the magnetoelectric transducing 
element 32 is placed between the first ends of those stators, as in the case of 
the detector 24 of Fig. 8. Accordingly, an opening angle of the gap G, defined 
by the second ends of the stators, is about 120°. The gap G is disposed 
asymmetrically with respect to a straight line Y connecting the center of the 
rotary shaft 22 (i.e., the axial center of the rotary shaft 22) and the center of the 
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magnetoelectric transducing element 32. In other words, the coupled stators 
31 is shaped to be asymmetrical with respect to the center of the magnet 23 
and the center o the magnetoelectric transducing element 32. When the 
modification of the detector 24, which is shown in Fig. 10, is used, what a 
designer has to do is to appropriately modify the sensor housing 21 and the 
like so as to accept the modification. 

. [0035] . .... , _ 

Fig. 11 is a graph showing a variation of a flux density detected by the 
magnetoelectric transducing element 32 with respect to a rotational angle of 
the magnet 23 in a case where the couple of stators 31 are configured to be 
circular. A characteristic curve A represents, a. characteristic of the detector in 
which the coupled stators 31 (cooperate with the magnetoelectric .transducing 
element 32) forms a circle, , like the stators 9 of the conventional non-contact 
type liquid level sensor 1. As indicated by the characteristic curve A, the flux 
density varies while depicting a sine curve in which the flux density is zero at 
0°, 180° and 360° of the rotational angles of the magnet 23. The non-contact 
type liquid level sensor 20 requires a linearity in the characteristic thereof. 
Therefore, an angular range from, for example, 130° to 230° (180° ± 50°) of 
the rotational angle, is used. 

[0036] 

A characteristic curve B represents a characteristic of the detector 24 
modified as shown in Fig. 9. As in the characteristic curve A, the flux density 
varies while depicting a sine curve in which the flux density is zero at phases 
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0°, 180° and 360° of the rotational angles of the magnet 23. As seen, an 
amplitude or flux density of the characteristic curve B is larger than that of the 
characteristic curve A, however. This fact implies that a magnetic force of the 
magnet 23 may be weakened so as to produce a magnetic flux comparable 
with the magnetic flux indicated by the characteristic curve A 
(= magnetic flux detected by the magnetoelectric transducing element 32 in the 
detector where the couple of stators 31 form (cooperate with the 
magnetoelectric transducing element 32, like the stators -9 of the conventional - 
non-contact type liquid level sensor 1 ). This is an advantageous feature when 
..considering the cost of manufacturing the magnet 23. 

• » * 

[0037] 

A characteristic curve B represents a characteristic of the detector 24 
modified as shown in Fig. 10. As seen, a magnitude or flux density of the 
characteristic curve C is larger than that of. the characteristic curve A,, but Js. 
somewhat smaller than that of the characteristic curve B. The characteristic 
curve C is phase shifted to a positive direction (i.e., a phase advancing 
direction) since the gap G is asymmetrically configured. This phase shift 
presents no problem in practical use since the magnetoelectric transducing 
element 32 contains a semiconductor memory (not shown), such as an 
EEPROM (i.e., electrically erasable programmable read-only memory) which 
prestores phase correction data, and a semiconductor operation element (not 
shown) for correcting a phase shift of the magnetic flux according to the phase 
correction data stored, such as a CPU (central processing unit), and 
automatically corrects the phase shift. As readily seen, in the invention, it is 
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not essential that the magnetoelectric transducing element 32 contains the 
semiconductor memory and the semiconductor operation element. In an 
alternative, the phase correction means containing the semiconductor memory 
and the semiconductor operation element is provided separately from the 
non-contact type liquid level sensor 20. The magnetoelectric transducing 
element 32 detects only the magnetic flux. A detect signal output from the 
magnetoelectric transducing element 32 is led from the non-contact type liquid 
level sensor. 20 to exterior -by—way-of -the - electric -wire 40. — The -phase- 
correcting means separately provided receives the detect signal and corrects a 
phase shift based on the detect signal received. 

[0038] . . ; . \ 

i A test was conducted. In the test, an opening angle of the gap G was 
variously changed; Magnitudes of magnetic . fluxes detected by the 
magnetoelectric transducing element 32 were measured. When the opening 
angle is 90°, the flux density exhibited a maximum value. When the opening 
angle is larger than 90° and also when it is smaller than 90°, the magnetic flux 
was small in value. When the opening angle of the gap G was 180°, the 
characteristic of the detector is the same as the characteristic curve A. This 
fact was confirmed by the test. 

[0039] 

The test result shows that the opening angle of the gap G is 50° to 
200°, preferably 90° to 180°. The reason why the opening angle is selected 
to be 50° or larger is to cover a minimum swing angle of 55°. The reason why 
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the opening angle is selected to be 200° or smaller is that if the opening angle 
of the gap G is large, the detector is apt to be influenced highly by an external 
magnetic force, and hence, the detector will receive noise highly possibly. 

[0040] 

The reason why the opening angle is selected to be within the range 
from 90° to 180° follows. The magnetic flux is maximized at 90° of the 
.opening angle. . Therefore,., even -if the magnetic force- of the magnet- 2a -is 
weakened by that amount, the performance of the detector comparable with 
that of the conventional detector (i.e., as indicated by the characteristic curve 
A) is secured. The reason why 180° is selected is that the detector 
performance on the magnetic flux, which is comparable with that of the 
conventional detector (i.e.-,. as indicated by the characteristic curve A); is 
secured, and the size of, the . detector may efficiently be reduced. Thus,; 90° of 
the opening angle of the gap G is the most advantageous, in the light of the 
magnetic force, and 180° of the opening angle of the gap G is advantageous in 
the size reduction of the detector. 

[0041] 

For the above reason, what a designer has to do is to select the 
opening angle of the gap G to be the most desirable value within 50° to 200° 
according to the specification of the non-contact type liquid level sensor 20. 

[0042] 

Fig. 12 is a front view showing a float arm whose shape is simplified by 
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using the asymmetrically configured stators 31 as in the modification of the 
detector 24 shown in Fig. 10. When the detector 24 as shown in Fig. 12 is 
used, what one has to do is to extend the float arm 26 from the detector 24 to 
the liquid level 30a in a vertical direction, and then to bend the float arm to the 
float 25 substantially at a right angle. The result is to enable the float arm 26 
to be simplified in shape, to reduce the number of bending steps, and to 
enable the float arm to be manufactured at low cost. the float arm 26 is 
- configured to .extend downward (to the liquid level -30a -substantially- in- a 
vertical direction). When comparing with the float arm 26 as indicated by a 
dotted line in Fig. 2, in the float arm 26, there is no need of forming a part 
protruding in the width direction of the non-contact type liquid level sensor 20 
(to the right in Fig. 12). As. a result, it is easy to insert the float arm into the 
fuel tank and to assemble it to the same. 

[0043] 

Operations of the embodiment will be described. 

In Fig. 1, the float 25 vertically moves with a change of the liquid level 
30a. A movement (displacement) of the float 25 is transmitted to the rotary 
shaft 22 through the float arm 26, and turns the rotary shaft 22 together with 
the magnet 23. With the turn of the magnet 23, a magnetic flux in the stators 
31 changes, so that a magnetic flux passing through the magnetoelectric 
transducing element 32 changes. In turn, the magnetoelectric transducing 
element 32 produces an electric signal proportional to the magnetic flux, which 
is output from the terminal 34 to an external device. 
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[0044] 

A rotational angle of the magnet 23 (rotary shaft 22) is determined on 
the basis of the electric signal. To maintain the linearity in the characteristic, 
as shown in Fig. 11, it is preferable to range the rotational angles of the 
magnet 23 on both sides of 1 80°. Practically, the most preferable range of the 
rotational angle of the magnet is within 180° ± 50°. By so ranged, a vertical 
movement of the float 25 may be detected highly accurately. 

[0045] 

It should be understood that the present invention is not limited to the 
embodiment mentioned above, but may variously be modified, altered and 
changed within the true, spirits and scope of the invention. Further, the 
materials, shapes, sizes, numerical values, forms, numbers,, locations and 
others of the constituent components in the embodiment mentioned above are 
optionally selected if the technical results from use of those so selected fall 
within the invention. 

[0046] 

It is evident that the non-contact type liquid level sensor of the 
invention is applicable to not only the vehicle fuel tank but also to various liquid 
storing tanks in detecting a liquid level of the liquid stored . 

[0047] 

[Advantages of the Invention] 

As seen from the foregoing description, in the invention, the 
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non-contact type liquid level sensor includes a couple of arcuate stators being 
disposed within the sensor housing while being confronted with an outer 
peripheral surface of the magnet, and a magnetoelectric transducing element, 
put between the first ends of the stators, for detecting a change of a magnetic 
flux in the stators, which is caused by a turn of the magnet, and for converting 
the detected change of the magnetic flux into an electrical signal. The second 
ends of the stators are spaced from each other to form a gap having an 
opening angle within a range from 50° to 200°. The stators are-configured to 
be arcuate, and the arc length of each stator is shorter than that of a 
conventional semicircular stator. The whole array of stators when those are 
disposed in the sensor housing is configured to be a circle as cut out. 
Therefore, if a configuration of the sensor housing is appropriately altered in 
conformity with the stator array ■ configuration, the size reduction of the 
non-contact type liquid level sensor is possible. With such a construction, the 
non-contact type liquid level sensor is easily assembled to a liquid storing tank, , 
and additionally a larger liquid storing space within the liquid storing tank is 
secured. 

[0048] 

In an embodiment, the arc lengths of the couple of stators are different 
from each other. In other words, the couple of stators are arranged 
asymmetrically with respect to a line connecting the center of the magnet and 
the center of the magnetoelectric transducing element. With this feature, the 
float arm is simplified in shape. In the float arm, there is no need of forming a 
part protruding in the width direction of the non-contact type liquid level sensor 
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20. As a result, the non-contact type liquid level sensor is reduced in size, 
and hence, it is easy to insert the float arm into the fuel tank and to assemble it 
to the same. The number of bending steps is reduced, so that the float arm is 
manufactured at low cost. 

[0049] 

In another embodiment, the opening angle of the gap is within a range 
-from. 90° to 180°, which- is narrower than the angular range from 50° -to -200°. 
When the opening angle is 90°, the flux density detected by the 
magnetoelectric transducing element exhibits a maximum value. Therefore, 
even if the magnetic force of the: magnet 23 is weakened by that amount, the 
performance of the detector comparable with that of the conventional detector 
is secured. When the opening angle is 180°, the sensor performance on the 
magnetic flux detected by the magnetoelectric transducing element is 
comparable with that of the conventional sensor. Accordingly, the size of .the 
sensor is efficiently be reduced. In other words, 90° of the opening angle of 
the gap G is the most advantageous in the light of the magnetic force, and 
180° of the opening angle of the gap G is advantageous in the size reduction 
of the sensor. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a longitudinal sectional view showing a non-contact type liquid 
level sensor constructed according to the present invention. 
[Fig. 2] 
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Fig. 2 is a view showing the non-contact type liquid level sensor when 
it is uncovered, when viewed in a direction of an arrow II in Fig. 1 . 
[Fig. 3] 

Fig. 3 is an exploded, perspective view showing the non-contact type 
liquid level sensor. 
[Fig. 4] 

Fig. 4 is an enlarged, longitudinal sectional view showing a structure of 
-the-liquid level sensor shown in Fig.-1 , which includes mainly a rotary^ shaft -that 
is rotatably supported by a sensor housing and a magnet chamber cover. 
[Fig. 5] 

Fig. 5 is a view showing a state that the magnet chamber cover is 
welded onto the magnet chamber, when viewed in a direction of aaarrow V in 
Fig. 4. 

[Fig. 6] ... ; 

Fig. 6 is a cross sectional view showing a key portion of a magnet 
integrally molded onto the rotary shaft. 
[Fig. 7] 

Fig. 7 is a longitudinal sectional view taken on line VII - VII in Fig. 6. 

[Fig. 8] 

Fig. 8 is a perspective view showing a structure including the 
magnetoelectric transducing element, the magnet and the stator. 
[Fig. 9] 

Fig. 9 is a plan view showing a modification of a detector in which an 
opening angle of a gap, which is defined by the second ends of stators, is 
about 90° and the stators are symmetrically disposed. 
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[Fig. 10] 

Fig. 10 is a plan view showing another modification of a detector in 
which an opening angle of a gap, which is defined by the second ends of 
stators, is about 120° and the stators are asymmetrically disposed. 
[Fig. 11] 

Fig. 11 is a graph showing a variation of a flux density detected by the 
magnetoelectric transducing element with respect to a rotational angle of the 
magnet in a case where the couple of stators are configured to.be circular.- - .... 
[Fig. 12] 

Fig. 12 is a front view showing a float arm whose shape is simplified by 
using the asymmetrically configured < stators as in the modification of the 
detector shown in Fig.. 10. ; 
[Fig. 13] 

Fig. 13 is a longitudinal sectional view showing a conventional 

non-contact type liquid level sensor. _ ; 

[Fig. 14] 

Fig. 14 is a perspective view showing a positional relationship among a 
magnetoelectric transducing element, a magnet, and a stator, which are 
extracted from Fig. 13. 
[Fig. 15] 

Fig. 15 is an enlarged, longitudinal sectional view showing a structure 
when a magnet chamber cover 14 is mounted in a magnet chamber 2a. 

[Description of Reference Numerals and Signs] 
20 non-contact type liquid level sensor 20 
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21 sensor housing 21 

22 rotational shaft 22 

23 magnet 23 

24 detector 24 

25 float 25 

26 float arm 

26a one end of the float arm 

- 26b the other end-of the float arm - 

30a liquid level 

31 stator , 

32 magnetoelectric transducing element 
G gap G 

Y line Y connecting a center of the magnet and; a center of the 
magnetoelectric transducing element 
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[Designation of Document] 

ABSTRACT OF THE DISCLOSURE 
[Abstract] 
[Problem] 

To reduce the size of a non-contact type liquid level sensor. 
[Means for Solution] 

A couple of stators (31 ) are configured to be arcuate. An arc length of 

... . -each stator is shorter than that of a circle. - .. . £ ■ - ....... 

The stators (31) are arranged such that a magnetoelectric transducing element 
(32) is put between first ends of the stators. Second ends of the stators (31) . 
are spaced apart from each other to form a gap (G) having an opening angle 
within a range from 50° to 200°. . . . . 

[Selected Drawing] . . ; , ; _ 

Fig. 8 
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